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(54) Optical projection system 

(57) An optical projection lens system comprising 
one lens with an aspherical surface and comprising 

a first bulge followed by 



a first waist followed by 
a second bulge, 

wherein the diameter of the second bulge is smallerthan 
the diameter of the first bulge. 
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Description 

Field of the invention 

[0001] This invention generally relates to an optical 
projection system comprising a light source, a mask 
holder, a projection lens system. The projection system 
specifically relates to an optical projection system for 
photolithography used in producing microstructured de- 
vices such as integrated circuits or other semiconductor 
devices. During the fabrication of such devices photoli- 
thography transfers an image from an photographic 
mask to a resuftant pattern on a semiconductor wafer. 
Such photolithography generally includes a light expo- 
sure process, in which a semiconductor wafer is ex- 
posed to light having information of a mask pattern. Op- 
tical projection systems are used to perform the light ex- 
posure process. 

[0002] In general, the transferred mask patterns are 
very fine, so that optical projection systems are required 
to have a high resolution. The high resolution necessi- 
tates a large numerical aperture and a good correction 
of aberration of the optical projection system in the light 
exposure field. 

Related background of the art 

[0003] Projection lens systems used for photolithog- 
raphy consists of a lot of lenses, wherein the material of 
the lenses is very expensive. To reduce the number of 
needed lenses, lenses with aspherical surfaces are 
used. 

[0004] For example some projection lens systems are 
proposed in the German patent application DE 198 18 
444 A1 or DE 1 99 02 336 A1 . The shown projection lens 
systems consists of 6 or 5 lens groups. The first, third 
and fifth lens group have positive refractive power. If the 
projection lens system consists of six lens groups, then 
the sixth lens group has also positive refractive power. 
The second and fourth lens groups have negative re- 
fractive power. To get a high resolution, in ail shown ex- 
amples the fourth and fifth lens groups comprises lenses 
with aspherical surfaces. The distance between a mask 
in front of the lenses of the projection lens system and 
a wafer behind the lenses of the projection lens system 
is between 1200 mm and 1500 mm. But only in some 
projection systems such a large track length is provided 
for the projection lens system. 
[0005] The shown projection lens systems shows 
three bulges. The diameter of a bulge is defined by the 
maximum height of the propagating ray, which is nearly 
the diameter of the used lenses. In the shown embodi- 
ments the diameter of the first bulge is smaller than the 
diameter of the second bulge and the diameter of the 
second bulge is smaller than the diameter of the third 
bulge. If the projection lens system consists of six lens 
groups, only one bulge is established by the fifth and the 
sixth lens groups. 



[0006] With increasing diameters of the needed lens- 
es, the price of the projection lens system is getting up. 
[0007] Further projection lens systems comprising as- 
pherical surfaces are part of the patent application DE 
5 199 422 81 A1. 

Summary of the invention: 

[0008] It is an object of this invention to provide a fur- 
io ther excellent optical projection lens system for photoli- 
thography with high numerical aperture and a good op- 
tical performance in respect of track length and cost ef- 
fects. 

[0009] A projection lens system of the invention com- 
15 prises one lens with an aspherical surface. It consists of 
a first and a second bulge, wherein a first waist is ar- 
ranged between the bulges. With a projection system 
comprising a second bulge which is smaller than the first 
bulge, the number of needed lenses with a great diam- 
20 eter is reduced. To get such a design with a small second 
bulge at least one lens with an aspherical surface is 
needed. 

[0010] Further the number of needed lenses can be 
reduced by taking a second lens group consisting of 

25 three lenses, especially three negative lenses. 

[0011] Further it is helpful to have a projection lens 
system comprising both feature, the small second bulge 
and the fist waist consisting of three lenses. 
[0012] An optical projection system of the invention 

30 comprises in a direction of the propagating ray a first 
lens group having positive refractive power and a sec- 
ond lens group having negative refractive power and es- 
tablishing a first beam waist of minimal beam height. A 
third lens group having positive refractive power and a 

35 fourth group having negative refracting power, estab- 
lishing a second beam waist. Subsequent to the second 
waist a fifth lens group with positive refractive power fol- 
lows. This fifth lens group can be divided into a first sub- 
group comprising an aperture stop and a second sub- 

40 group. 

[0013] Two negative lenses are arranged nearby the 
aperture stop. Behind the first positive lens, which is ar- 
ranged subsequent to the aperture stop a lens free dis- 
tance follows. This lens free distance extends more than 
45 1 o% of the track length of the fifth lens group or more 
than 4 % of the track length of the projection lens sys- 
tem. 

[0014] At least two lenses arranged behind the aper- 
ture plate comprises an aspherical surface. Further 
so lenses comprising aspherical surfaces in all other 
groups will be helpful for correction of chromatic errors 
for such a projection lens system with such a high nu- 
merical aperture. 

[0015] By taking a projection lens system with a third 
55 bulge, wherein the diameter of this bulge is at least 10 
% greater than the diameter of the second bulge, the 
cost of the projection lens system with a high numerical 
aperture can be reduced, because the great diameter 
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of the last bulge is needed to get the high numerical ap- 
erture, but by taking a second bulge with a small diam- 
eter, it is possible to reduce the number of needed lens- 
es with a great diameter, which are very expensive. So 
this is a good way to provide an excellent projection lens 
system at reduced cost. 

Brief description of the drawing 

[0016] 

Figure 1 : A cross section of an example of an opti- 
cal projection lens system according to an 
embodiment of the invention. 

[0017] The optical projection lens system, shown in 
Figure 1 , comprises 29 lenses subdivided into five lens 
groups G1-G5, wherein the last lens group G5 can be 
subdivided in first subgroup G5a and second subgroup 
G5b. 

[0018] The shown projection lens system is used for 
wafer manufacture. For illuminating a mask 3, which is 
positioned at 0, wherein a light source with a narrow 
bandwidth is used. In this example of a projection sys- 
tem an excimer laser, which is not shown is the drawing, 
is used. The shown projection lens system is capable to 
be operated at 193,3 nm with a high numerical aperture 
of 0.725. This projection lens system is also adaptable 
to be operated at other wave lengths like X = 248 nm or 
X= 157 nm. 

[0019] By using a projection system comprising this 
projection lens system, the scale of the structure of the 
mask 3 pictured on a wafer is reduced, wherein the wa- 
fer is positioned at 0*. The distance of 0 to 0* is 1 050 mm 
arid the factor of reduction is 4. The illuminated image 
field is rectangular, e.g. 7 x 20 to 1 5 x 30 mm 2 and es- 
pecially 26 x 13 mm 2 . 

[0020] In direction of propagating radiation this pro- 
jection system comprises five lens groups G1 -G5. This 
fifth lens group is subdivided in a first subgroup G5a and 
a second subgroup G5b. 

[0021] A first lens group G1 has positive refractive 
power and comprises lenses L1 to L6. A first bulge is 
established by this lens group G1 . This first lens group 
Gl starts with a dispersive subgroup L 12 . 
[0022] The subsequent negative lens L7 is the first 
lens of a second lens group G2 and has a concave 
shaped lens surface on the image side. A first waist is 
established by this lens group G2. This second lens 
group G2 has negative refractive power and comprises 
only the three lenses L7 to L9. This three lenses L7-L9 
have negative refracts power wherein two air lenses are 
between this lenses. A first waist 7 is established by this 
three lenses. 

[0023] The third lens group G3 has positive refractive 
power and comprises lenses L10 to L13. These lenses 
are bi-convex lenses. A bulge is established by these 
four convex lenses L10 to L13. The diameter of this 



bulge is smaller than of the bulges established by the 
first lens group G1 or the lens arrangement. The track 
length of this lens group G3 is very small. 
[0024] The subsequent negative lens L 1 4 is the first 

s lens L14 of a fourth lens group G4 and has a concave 
shaped lens surface on the Image side. The fourth lens 
group has negative refractive power and comprises 
lenses L14 to L16. A waist is established by this lens 
group G4. Two nearly identically air lenses are estab- 

10 lished by this three lenses L1 4-L1 6. 

[0025] Both waists comprises only three lenses, 
wherein in each case the first lens L7, L1 4 is a meniscus 
lens. A concave lens L8, L15 is arranged in the middle 
of these lens groups G2, G4. The last lens L9, L16 of 

is these lens groups G2, G4 is also a concave lens. 

[0026] The subsequent positive lens L17 is the first 
lens of the subsequent lens group G5. This lens group 
has positive refractive power. This lens group comprises 
lenses L17 to L29 .wherein this lens group is dividable 

20 into a first subgroup G5a and a second subgroup G5b. 
The first subgroup G5a consists of lenses L1 7 - L23 and 
the second subgroup G5b consists of lenses L24 - L29. 
This structure of the subgroups and the division into lens 
groups is similar to the structure of lens groups chosen 

25 atDE198 18 444A1. 

[0027] This lens group G5 comprises a aperture stop 
5 in form of a aperture stop. The aperture stop is ar- 
ranged between two lenses L20,L22 having negative re- 
fractive power. 

30 [0028] The projection lens system comprises lenses 
of different materials. The lenses L17 to L19, L22, L27 
and L28 are CaF 2 lenses, and the others of quartz glass. 
The CaF 2 lenses L18 and L19 in front of the aperture 
stop 5 are bi-convex lenses. The CaF 2 lens L22 subse- 

35 quent the aperture stop 5 is a meniscus lens, which is 
part of an achromat. The implementation of CaF 2 effects 
a good correction of chromatic aberration of this com- 
pact embodiment. The two CaF 2 lenses L28 and L29 at 
the end of the projection lens system are inserted for 

40 their resistance versus compaction. Other materials, 
namely crystals and preferably fluorides with or without 
quartz glass , are advantageous under certain condi- 
tions. 

[0029] The subgroup G5a comprises two doublets D1 
45 and D2 neighboured to the aperture stop 5 and compris- 
es a lens with positive refractive power and a lens with 
negative refractive power. The first doublet D1 is ar- 
ranged directly in front of the aperture stop 5 and the 
second doublet D2 is arranged directly behind the ap- 
50 erture stop 5. 

[0030] Behind doublet D2, which is arranged behind 
the aperture stop 5, a lens free distance 9 is arranged. 
In the shown embodiment the lens free distance 9 ex- 
tends over more than 4,7 % of the track length of the 
55 whole projection lens system and/or over more than 
1 0% of the fifth lens group G5. 
[0031] Two of the lenses L24, L29, which are ar- 
ranged behind this lens free distance 9, comprises a as- 
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pherical surface. Both asperical surfaces are arranged 
on the image side. The aspherical surfaces are useful 
to reduce the track length, the number of needed lenses 
and the needed lens material. 

[0032] The lens data of this system are given in table 
1. 

The aspherical surfaces are described mathematically 
by: 



Table 1 (continued) 



P(h) = 



S*h' 



2 



1 + Vl-(1-EX)*8 2 *h 2 



+ h 4 + ... + C n h 



2n + 2 



with 5 = 1/R, wherein R is the paraxial curvature and P 
is the sag as a function of the radius h. This embodiment 
has a numerical aperture of 0.725. 
[0033] As those skilled in the art of optical projection 
systems will readily appreciate numerous substitutions, 
modifications and additions may be made to the above 
design without departing from the spirit and scope of the 
present invention . it is intended that all such substitu- 
tions, modifications, and additions falls within the scope 
of the invention, which is defined by the claims. 

Table 1 



lens 


radius 


thickness 


materials 


L1 


-111,14 


12,00 


Si0 2 




-102,11 


3,47 




L2 


-99,94 


8,00 


Si0 2 




775,47 


19,10 




L3 


-1169,68 


26,61 


Si0 2 




-190,31 


0,75 




L4 


-7538,92 


28,78 


Si0 2 




| -242,35 


0,75 




L5 


453,73 


31,84 


Si0 2 




-497,77 


0,75 




L6 


225,79 


34,83 


Si0 2 




-2018,96 


0,75 




L7 


160,01 


41,42 


Si0 2 




90,15 


37,29 




LB 


-351,08 


9,00 


Si0 2 




107,55 


35,72 




L9 


-141,02 


9,00 


Si0 2 




490,20 


12,18 




L10 


1155,98 


22,67 


Si0 2 




-209,81 


0,75 




L11 


551,99 


21,87 


Si0 2 




-373,78 


0,75 




L12 


330,61 


22,98 


Si0 2 




-647,96 


0,75 




L13 


305,08 


23,38 


Si0 2 




-551,50 


0,75 




L14 


347,08 


29,51 


SiQ 2 




101,2 


36,61 
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20 
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asphere at L 24: 
EX = 0 

C1 =1,093201 e-08 
C2 = -9,763422 e- 13 
C3 = 1,292451 e-17 
C4 = 6,387609 e - 22 
asphere at L28 
EX = 0 

C1 = 7,093201 e - 08 



lens 


radius 


thickness 


materials 


L15 


-144,92 


9,00 


Si0 2 




155,79 


36,69 




L16 


-108,51 


10,00 


Si0 2 




-1179,35 


3,68 




L17 


-662,63 


26,99 


CaF 2 




-144,04 


0,75 




L18 


456,34 


34,51 


CaF 2 




-318,08 


0,75 




L19 


416,57 


40,87 


CaF 2 




-292,52 


18 08 




L20 


-242,77 


13,00 


Si0 2 




-524,81 


0,75 




L21 


385,18 


13,00 


Si0 2 




220,24 


13,94 




122 


364,81 


35,58 


CaF 2 




-480,53 


52,96 




L23 


219,93 


30,56 


Si0 2 




1283,35 


0,75 




L24 


155,63 


36,96 


Si0 2 




879,47 


15,64 


aspheric 


125 


-545,45 


11,00 


Si0 2 




-3729 69 


0,75 




L26 


128,68 


79,53 


Si0 2 




47,35 


0,75 




L27 


43,60 


12,98 


CaF 2 




102,23 


0,75 




L28 


84,41 


5,89 


CaF 2 




181,53 


3,04 


aspheric 


L29 




2,00 


CaF 2 






12,00 
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C2 = 8,638494 e- 12 
C3 = -6,726737 e- 14 
C4 = 2,510662 e- 17 



Claims 

1 . An optical projection lens system comprising a lens 10 
with an aspherical surface and comprising 

a first bulge followed by 
a first waist followed by 

a second bulge, is 
wherein the diameter of the second bulge is 
smaller than the diameter of the first bulge. 

2. An optical projection lens system comprising a lens 
with an aspherical surface and comprising 



a first bulge followed by 
a first waist followed by 
a second bulge followed by 
a second waist followed by 
a third bulge 

wherein the diameter of the third bulge is at 
least 1 0 %, especially 1 5%, greater than the di- 
ameter of the second bulge. 



20 7. 



25 8. 



30 



3. An optical projection lens system comprising in di- 
rection of ray 

a first lens group having positive refractive pow- 
er 35 
a second lens group having negative refractive 
power 

a third lens group having positive refractive 
power 

a fourth lens group having negative refractive *o 
power and 

a fifth lens group having positive refractive pow- 
er, 

wherein the second lens group consists of three 
lenses. 45 

4. An optical projection lens system comprising a lens 
with an aspherical surface and comprising in direc- 
tion of ray 

a first lens group having positive refractive pow- 
er 

a second lens group having negative refractive 
power 

a third lens group having positive refractive 
power 

a fourth lens group having negative refractive 
power and 



50 



55 



a fifth lens group having positive refractive pow- 
er, 

wherein the second lens group consists of three 
lenses. 

An optical projection lens system comprising a lens 
with an aspherical surface and comprising 

a first bulge followed by 

- a first waist followed by 
a second bulge, 

wherein the diameter of the second bulge is 
smaller than diameter of the first bulge, prefer- 
able more than 1 0 %. 

An optical projection lens system according to claim 
3 or 4, wherein the three lenses have negative re- 
fractive power. 

An optical projection lens system according to one 
of the claims 1 - 4, wherein at least one aspherical 
surfaces is arranged between the aperture stop and 
the wafer. 

An optical projection lens system according to claim 
3 or 4, 

wherein the fifth lens group consists of a first sub- 
group and a second subgroup and wherein at least 
one lens of the second subgroup comprises an as- 
pherical surface. 

9. An optical projection lens system according to one 
of the claims 1 to 4, 

- wherein the fifth lens group comprises an aper- 
ture stop 

wherein a lens free distance, which is arranged 
subsequent to a first positive lens, which is ar- 
ranged subsequent the aperture stop. 

1 0. An optical projection lens system according to claim 
9, wherein the lens free distance extends over more 
than 4,5 % of the track length of the projection lens 
system. 

1 1 . An optical lens projection system according to claim 
9, 

wherein the lens free distance extends over more 
than 1 0% of the track length of the fifth lens group. 

1 2. An optical lens projection system according to claim 
8, wherein at least two lenses, which are arranged 
in the second subgroup, comprises aspherical sur- 
faces. 

13. An optical projection lens system according to one 
of claims 1 to 4 , wherein the numerical aperture is 
greater than 0.65 , preferable 0.7 and more. 
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14. An optical projection lens system according to one 
of the claims 1 -4, wherein the first lens group starts 
with a dispersive subgroup (L 12). 

1 5. An optical projection lens system comprising one of s 
claims 1 to 4, wherein two different lens materials 
are provided for chromatic correction. 

16. An optical projection lens system according to one 

of claims 1 to 4, wherein a fluoride, especially CaF 2 , 10 
is one of the used lens materials used for 193nm. 

17. An optical projection lens system according to one 
of the claims 1-4, wherein at least one of the two 
last lenses of the fifth lens group is a CaF 2 lens. 1$ 

18. An optical projection lens system comprising one of 
claims 1 to 4, wherein the optical projection system 
consist of 29 lenses, while the numerical aperture 

is equal or greater than 0,725. 20 

19. Process for producing microstructured devices, 
wherein a wafer with a light sensitive layer is ex- 
posed by UV- light using an optical projection lens 
system of one of the claims 1 to 1 4 and using a mask 25 
for defining the structure of the device, wherein the 
light sensitive layer is developed to get the micro- 
structured device. 

30 
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(54) Optical projection system 

(57) An optical projection lens system comprising 
one lens with an aspherical surface and comprising 

a first bulge followed by 
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a first waist followed by 
a second bulge, 

wherein the diameter of the second bulge is smaller than 
the diameter of the first bulge. 
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